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Background of the Invention 

The present invention generally relates to the field of failure analysis and 
yield engineering, and more specifically relates to photoemission data collection. 

Photoemission analysis is the technique of analyzing the photons emitted 
from an integrated circuit under various operating conditions. Most CMOS circuits 
consume very little power in a static state, hence emitting few photons. Depending 
on the type and size of a defect, a defective part may emit a large quantity of 
photons (light) which is detectable with specialized analysis equipment. Most 
photoemission occurs at the junction level of the device, in wavelengths in the 
infrared range. As silicon is transparent to infrared light, and due to the increasing 
number and density of metallization interconnect layers, one of the more effective 
methods of photoemission analysis involves imaging the die and analyzing the 
photoemission from the die under test from the back side of the wafer. 

Current photoemission analysis techniques focus analysis on a single 
die/package or sub-circuit of an integrated circuit. The dataflow is illustrated in 
Figure 1, and provides that an illuminated image of a die is acquired, power is 
applied to the Device Under Test (DUT), a photoemission image is acquired, and 
then the images are overlaid and aligned. This may be repeated for several die on 
the wafer, or on several packaged parts. Current photoemission techniques allow 
for the location and isolation of a photoemission site to within several microns 
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accuracy. However, analysis on a die-by-die basis is a time-consuming process that 
limits the effectiveness of photoemission analysis as a yield management tool. 
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Objects and Summary of the Invention 

An object of an embodiment of the present invention is to provide a method 
and system wherein photoemission data is collected for a whole wafer at a time in 
order to facilitate large-scale data collection and statistical data analysis. 

An object of an embodiment of the present invention is to provide a method 
and system which renders photoemission analysis effective as a yield management 
tool. 

Briefly, and in accordance with at least one of the foregoing objects, an 
embodiment of present invention provides a method and system for collecting and 
analyzing photoemission data wherein illumination and photoemission images are 
acquired for a plurality of die, such as for each die on a wafer. Then, the images are 
overlaid, aligned, and assembled in a mosaic, thereby allowing analysis of the 
photoemission occurring across a plurality of die, such as across the entire wafer. 
Preferably, gathering this data allows statistical analysis of the photoemission such 
as analysis of commonly emitting locations to identify structures/cells that are 
sensitive to the manufacturing process. 
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Brief Description of the Drawing s 

The organization and manner of the structure and operation of the invention, 
together with further objects and advantages thereof, may best be understood by 
reference to the following description, taken in connection with the accompanying 
drawing, wherein: 

Figure 1 illustrates dataflow associated with a prior art photoemission 
analysis technique; 

Figure 2 illustrates dataflow associated with a photoemission analysis 
technique which is in accordance with an embodiment of the present invention; and 

Figure 3 provides a simplified block diagram of a photoemission analysis 
system which is in accordance with an embodiment of the present invention. 
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Detailed Description of Embodiments of the Invention 

While the invention may be susceptible to embodiment in different forms, 
there are shown in the drawings, and herein will be described in detail, specific 
embodiments with the understanding that the present disclosure is to be considered 
an exemplification of the principles of the invention, and is not intended to limit the 
invention to that as illustrated and described herein. 

The present invention applies to the wafer manufacturing process and 
involves collecting photoemission data for a whole wafer at a time in order to 
facilitate large-scale data collection and statistical data analysis. Figure 2 illustrates 
the dataflow of a method of collecting and analyzing photoemission data, wherein 
the method is in accordance with an embodiment of the present invention. As 
shown, illumination and photoemission images are acquired for a plurality of die, 
such as for each die on a wafer. Then, the images are overlaid, aligned, and 
assembled in a mosaic. Finally, the mosaic is analyzed, thereby allowing analysis of 
the photoemission occurring across a plurality of die, such as across the entire 
wafer. Preferably, gathering this data allows statistical analysis of the 
photoemission such as analysis of commonly emitting locations to identify 
structures/cells that are sensitive to the manufacturing process. 
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When the images are acquired, preferably either the wafer and/or the camera 
used to acquire the images are moved such that the whole wafer is analyzed. The 
present invention focuses on collecting photoemission data on the whole wafer, 
rather than individual die. The process is repeated for each die on the wafer, and the 
imaging tool is stepped to the next die. The images collected for each die are then 
assembled in a mosaic, allowing analysis of the photoemission occurring across the 
entire wafer. Gathering this data allows statistical analysis of the photoemission, 
such as analysis of commonly emitting locations, to identify structures/cells that are 
sensitive to the manufacturing process. 

Figure 3 illustrates a photoemission analysis system which is in accordance 
with an embodiment of the present invention. While the system may include 
additional components, Figure 3 is simplified, and shows only those components 
which are relevant to the present invention. As shown, a processor/controller is in 
communication with a light source, a wafer (which includes a plurality of die) and a 
camera. In accordance with the method discussed above, the processor/controller is 
configured to operate the light source, operate the camera and receive data (i.e., 
images) therefrom, overlay and align the images, arrange the images into a mosaic, 
and analyze the mosaic. The processor/controller is configured to move the camera, 
the wafer, or both to acquire the images. The processor/controller may be provided 
as a single structure, or a plurality of separate structures which may be connected to 
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or in communication with each other. 
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The present invention provides that large amounts of photoemission data on 
the wafer as a whole is gathered. The present invention provides that spatial 
relationships are maintained between die photoemission images, and that electrical 
stating of the die is automatically controlled. The present invention also preferably 
provides for automated stepping from die-to-die allows photoemission analysis, 
thereby serving as a large-scale data acquisition system that plays a significant role 
in managing semiconductor manufacturing yields. 

The present invention treats photoemission on a wafer level. The present 
invention provides that photoemission is performed on all die on the wafer, in an 
automated fashion, greatly reducing the analysis time and amount of effort required 
to collect this volume of data. The benefits of collecting large volumes of 
photoemission include an increased yield learning toolbox and the ability to perform 
statistical analysis on photoemission sites, both by location and by intensity, to be 
used as a yield learning/defect characterization tool. 

The present invention enhances the current manufacturing process by 
allowing large volumes of photoemission data to be collected. Current techniques 
and equipment do not allow for volume data collection, and are very time intensive. 
The present invention covers automating the photoemission process. This 
automation allows for a large volume of photoemission data to be collected and 
analyzed, creating a new class of data that is useable in conjunction with existing 
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data for yield improvement. 

While embodiments of the present invention are shown and described, it is 
envisioned that those skilled in the art may devise various modifications of the 
present invention without departing from the spirit and scope of the appended 
claims. 
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